The tunability of topological surface states and controllable opening of the Dirac gap are of great importance to the application of topological materials. In topological crystalline insulators (TCIs), crystal symmetry and topology of electronic bands intertwine to create topological surface states and thus the Dirac gap can be modulated by symmetry breaking structural changes of lattice. By transport measurement on heterostructures composed of p-type topological crystalline insulator SnTe and n-type conventional semiconductor PbTe, here we show a giant linear magnetoresistance (up to 2150% under 14 T at 2 K) induced by the Dirac Fermions at the PbTe/SnTe interface. In contrast, PbTe/SnTe samples grown at elevated temperature exhibit a cubic-to-rhombohedral structural phase transition of SnTe lattice below 100 K and weak antilocalization effect. Such distinctive magneto-resistance behavior is attributed to the broken mirror symmetry and gapping of topological surface states. Our work provides a promising application for future magneto-electronics and spintronics based on TCI heterostructures.
We have studied eleven samples with different nominal PbTe and SnTe thicknesses. These samples were grown either at 200 ℃ or 260 ℃. Table 1 gives a list of all the eleven samples studied in this work and their respective parameters (nominal PbTe, SnTe thicknesses, sheet resistance Rs at 300K and 2K etc.). The samples are numbered according to the order of their growth and measurements. After examining all the samples' transport behavior, we find that their transport characteristics fall into two categories, correlated with the sample growth temperature and aforementioned interface quality/interdiffusion. Specifically, at low temperatures (e.g. 2 K), the low temperature sheet resistance Rs of sample #1, 2, 4, 7, 8, 9 is about three orders of magnitude lower than that of sample #3, 5, 6, 10, 11, although all the samples have comparable sheet resistances at room temperature. This striking difference is further illustrated in Fig. 2(a) which shows the temperature dependent sheet resistance of all the eleven samples. While all the samples have similar Rs at 300 K, the temperature dependence of Rs shows a two to three orders of magnitude drop below~100 K for sample #1, 2, 4, 7, 8, 9, giving rise to their low Rs at low T. On the other hand, sample #3, 5, 6, 10, 11 show a much weaker metallic behavior below 100 K, leading to a much higher Rs at low T. The distinct transport property between these two types of samples is also exhibited in the magneto-resistances. WAL is a quantum correction effect to the classical Drude conductivity due to the destructive interference of wavefunctions in materials with strong spin orbit coupling [26] . In the 2D diffusive transport, the WAL quantum correction to the magneto-conductance can be fitted by the standard Hikami-Larkin-Nagaoka (HLN) equation [27] with the fitting parameters of α and lΦ where 2α and lΦ denotes the number of conduction channels and phase coherent length, respectively. Because SnTe has four Dirac cones on the (001) plane, α can range from 0.5 to 4 depending on whether there is strong coupling between the TSSs and bulk states or its mirror symmetry is broken. The magneto-conductance of sample #6 was well described by the HLN equation with fitting parameters α = 0.46 and lΦ = 128 nm at T = 2 K (Supplementary Fig. S2 ), indicating a single surface transport channel. Given the 2D quantum coherence transport in sample #6, we believe a Dirac cone is on the surface of sample #6. Fig. 3(c) ). On the other hand, sample #6's hole mobility is much lower,~45 cm 2 /Vs, and nearly temperature independent down to 2K (Fig. 3(d) ).
Nonsaturating LMR observed in various novel material systems has attracted long lasting research interest. Early experiments on metals with open Fermi surface (e.g. Bi [28] ) showed magneto-resistance increasing linearly with the magnetic field at high fields. More recently, LMR has been observed in numerous materials with gapless electronic states (e.g. graphene [29] , topological insulators [30, 31] , Dirac and
Weyl semimetals [32, 33] ). While there have been many theoretical models proposed to explain the LMR and no consensus is reached yet, the two most discussed models are Parish and Littlewood (PL)'s disorder induced mobility fluctuation model [34, 35] and Abrikosov's quantum LMR model [36, 37] . In the mobility fluctuation model, current in a strongly disordered medium at large fields may flow perpendicular to the applied voltage, contributing the linear field dependent Hall resistance ρxy ∝ B to the longitudinal magnetoresistance [34, 35] . However, the observation of LMR in PbTe/SnTe heterostructures with better interface crystalline quality and much higher mobility contradicts the disorder related origin of the LMR. Abrikosov's quantum LMR model points out that LMR can appear in materials with the gapless linear energy spectrum in extreme quantum limit where all the carriers occupy only the lowest Landau level (LL) [36, 37] . Although the quantum LMR model has the attractive aspect of relating to gapless topological materials with linear dispersion, it also has challenges in explaining the persistence of LMR down to low fields where multiple LLs are filled and the quantum limit condition is not satisfied. In any case, regardless the specific mechanism for the LMR, the LMR observed in PbTe/SnTe heterostructures with high mobility and sharp interfaces suggests that it is related to the gapless interface/surface states in TCI SnTe. Actually, the PbTe/SnTe heterostructure is of typeⅡ heterostructure [21, 22] , where the valence band edge of SnTe is higher than the conduction band edge of PbTe by~0.3 eV at 77K [21] . Given the very high hole carrier density (~10 (Fig. 4(a) ).
In PbTe/SnTe samples with lower hole density and interface diffusion, two effects that critically affect the electronic properties of the sample are expected. First, it has been established that a cubic-to-rhombohedral structure phase transition occurs in SnTe with low hole density below 100 K, and the transition temperature decreases with increasing hole density. Eventually, the transition temperature drops to zero at hole density >~10 hole densities lower than this critical density and the cubic-to-rhombohedral structure phase transition is expected. However, all the samples exhibiting LMR and sharp interface have hole densities much higher than the critical density and the cubic lattice structure of SnTe is expected to be intact down to the lowest temperature. Indeed, we observed the signature of the cubic-to-rhombohedral structure phase transition in SnTe in samples #3, 5, 6, 10, 11. We replot the R vs. T curves of samples #3, 5, 6, 10, 11 in logarithmic scale to show the trend of these samples more clearly in Fig. S5a . As highlighted by the vertical arrows, a small hump is observed at T <~100 K in these samples in Fig. S5a . Correspondingly, the significant difference is further highlighted by dR/dT vs. T in Fig. S5b where the shade purple box denotes phase transition starting point temperature Tup and ending temperature Tdown, which is consistent with the feature associated with the cubic-to-rhombohedral structure phase transition in previous studies of SnTe [23] [24] [25] . A significant impact of the cubic-to-rhombohedral structure phase transition in PbTe/SnTe samples with low hole density is the breaking of lattice mirror symmetry as shown the schematic in Fig. 4(b) . Theoretically, such lattice distortion induced broken mirror symmetry is anticipated to gap out some or all of the Dirac points in the topological surface states of SnTe and as such the linear dispersion relation is also broken [14] . The absence of LMR and high mobility carrier transport in samples with interface diffusion and low hole density is thus most likely due to the broken mirror symmetry induced destruction of the Dirac topological surface state.
In conclusion, we have systematically investigated the magneto-transport properties of PbTe/SnTe heterostructures grown at different substrate temperatures that affect the interface quality. We find that PbTe/SnTe heterostructures with sharp interface and high hole densities display p-to-n transition and a giant LMR at low temperatures related to the gapless TSS with high mobility at the interface between TCI SnTe and band insulator PbTe. On the other hand, in PbTe/SnTe structures with significant interface diffusion and low hole densities, low mobility p-type conduction is observed throughout the whole temperature range and only weak MR is exhibited at low temperatures. The presence of cubic-to-rhombohedral structure phase transition in the latter category of PbTe/SnTe structures strongly suggest the important role of broken lattice mirror symmetry in the disappearance of giant LMR and high mobility TSSs transport in these samples. The temperature dependence of carrier density and mobility of sample 1 (Fig. 3 c) is obtained by fitting the magnetoconductivity data to the two-band Drude model which is given by 㐰
